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Foreword 








O ccupational patterns in industry have changed significantly in 
the past two decades, and the rate of change is increasing. New 
materials, new ^cesses, automation, and improved techniques of 
measurement and control have combined to increase the need for tech- 
nically competent persons with special abilities who can support and 
supplement the efforts of engineers and scientists throughout the tech- 
nological complex. 

The need for technically competent persons can be met by expanded 
educational services. Preparatory and eictension programs to meet 
this need are being developed in a variety of institutions and at several 
grade levels in technical and comprehensive high schools, junior col- 
leges, private and public technical institutes, and in area vocational- 
technical schools. 

As these educational services expand, there is an increasing need for 
qualitatir standards. It is only through vddespread imderstanding 
of purpose that these standards of quality can be attained. 

The development of technical education programs is a clear-cut 
responsibility of vocational education under the provisions of the 
National Defense Education Act of 1958. Specifically, Title VUl of 
this act provides assistance to the States for developing and expand- 
ing vocational education programs to train youth and adults for 
^‘useful employment as highly skilled technicians in recognized occu- 
pations requiring scientific Imowledge.” The training requirements 
W these occupations are imique in many respects; the criteria de- 
veloped to identify these occupations early in the program have been 
^arpened and defined. Experience has revealed a need for a better 
understanding of the functions of technically competent personnel, 
their educational needs, and the role of public vocational education 
in providing appropriate training programs. 

This publication has been prepared to provide a better understand- 
ing of these factors by utilizing the results of research and investiga- 
tion specifically keyed to the preparation of personnel for occupatioim 
which require extensive technical training. It is designed to serve as 
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3t guide for persons on both Stnte and local levels who are concerned 
with the establishment, administration, supervision, and operation 
of preparatory programs. While written primarily from the stand- 
point of the 2-year post secondary school preparatory program and 
the occupations for which such programs are designed, the educational 
concepts represented are common to all high-quality technical instruc- 
tion.^ Therefore, this bulletin can also be of value in determining 
requirements for effective extension programs, using the methods and 
procedu^ described in the Office of Education publication OE 80C10, 
Determining ReguirerrmiU for Development of Teohrdcal AhUitiee 
Through Extension Courses. 

In addition, this publication should be useful in designing and con- 
ducting surveys of industrial training needs, in program planning, 
in teacher education, and in public relations work. It provides a 
reference for both planning and evaluation — a reference based on 
analys^ and interpretations of the work that has been done over the 
years in developing and perfecting programs of technical education. 
It WM prepared by Maurice W. Roney, program specialist in area 
vocational education, assisted by the staff of the Area Vocational Edu- 
cation Rranch. Valuable contributions were made by professional 
organizations and individuals through reviewing draft materials niid 
suggesting improvements. 



W. M. Abngld 
Assistant Commissioner 
for Vocationdt Education 



Contents 



Page 



FOBEWOBD HI 

SsCTIONS 

I. The Problem of Identification i 

II. Analyzing Requirements 3 

III. Occupational Requirements 5 

IV. Educational Requirements lO 

V. Effective Use of This Bulletin 18 

Refebences 23 

Tables 



1. Analysis of 32 selected technology curriculums (elec- 



trical, electronic, and mechanical) in 25 post high school 
institutions 12 

2. A sample curriculum in electronic technology showing 

the class, laboratory, and study time required 13 

3. A sample curriculum in electrical technology showing 

the classification of courses by curriculum division 16 

4. Comparison of semester hours for a 2-year (68 semester 
hour) technical education program and the fiist 2 years 

of an engineering degree curriculum 16 

Appendix. A 3-Year High School Mechanical Technology 

Curriculum 26 



V 
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T he planning and development of teclmical educational pro- 
grams to meet the objectives of Title VIII of the National De- 
fense Sducation Act have focused attention on the need for clearly 
defin^ occupational and educational criteria. To determine the most 
effective means of developing technical education programs Federal, 
State, and local adnimistrators of vocational education need informa- 
tion as to the functions and the educational re(]^uirements of the occu- 
pations under consideration. 

Several attempts have been made to define the term “technician.” 
From the definitions used at various times and for various purposes, 
it has become apparent that the term is generic. Qualifying modifiers 
such as “highly skilled,” “engineering,” “industrial,” and others add 
meaning to the term only as they become established and accepted 
•through usage. Apart from job titles and the terms used to define 
or describe these titles, there is need for uniformly acceptable, clearly 
defined criteria to identify the functions of “technician” within a wide 
range of occupations. 

Research design and development technicians work in direct support 
of engin^rs and scientists, performing tasks that are functional parts 
of scientific and engineering activities. Also, personnel with engineer- 
ing-related ability and understanding are engaged in other activities 
such ss production planning and control, technical sales, and field con- 
sultative service. For occupational criteria to be of ma.yimiTm value 
in planning technical education programs, they must be based on the 
knowledge and ability requirements of such occupations. 

Peclinical education must also develop a iiniformity of purpose if 
it is to become clearly identified as a part of the educational system. 
Educational criteria developed from the basic requirements of specific 
occupations are urgently needed. Although the use of criteria may 
appear to be suggestive of standardization and may produce an im- 
favorable reaction in an educational context, standardization is not an 
inevitable consequence of the acceptance and use of educational cri- 
teria. "What is needed in technical education is not so much a stand- 
ard curriculum as a curriculum standard. The hazard that appears 
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to most significant is overdiversification, not uniformity. Diversi- 
fication in education is commendable, but it should not b^usedTan 
programs that are inadequate in terms of good educational 

Tedinical education, in the present concept of these services is a 
phenomenon in public education. There me few weU 
^Wished lantomrks that will serve as guides for devekpW lew 
off E*“Uent technical programs hL 

off^ by a few public and private institutions throughout the United 
n.A ^ *•«•’ ‘“hnicnl institutes. I„ ^eral, howmer 

p bhc institutions o^te under conditions that are suluciently differ- 
rom these ^ablished special-j,urpose schools to preclude anv 
whole^e ^plantation of curriculums and instructioL pi-ocessef 

and*^^n ‘hat will distinguish the form 

settinStMchti^W 

Two factors combine to complicate the process of identifvinff the 
oMupational functions and educational needs of “highly skified tech- 
mcmns m reco^ized occupations.” One is the rapid expansion of the 
t^ologies, with the confusion of terminology and jo^lassifications 
t^t has The second is the inordinate range of education^ 

™ ‘he training of 

^pational surreys, education-industiy conferences, and consul- 

tW^r— been 1^ in attempts to identify work func- 
tions Md the jaiMg needs of the “technician.” Much of the work 

one y en^e^g and technical societies, such as the American 
for En^eenng Education, in the field of engineering tech- 

, ffloSe^ve^^th^X^irii^r ’’ «l««ation that can 

The wntrid concm of technical education is with a body of knowl- 
^rather tiian with specific jobs. In the interest of clati^, the term 
“ Ibis document refers to sc ,e of training^and work 

»****^’ ““Pfojment classification as OTch, and to 

J r^un^mente calling for broad technical competence based on 
profimeniy ni the application of mathematics and physical science 
principles ^ extensive knowledge in technology. The following 
sections will develop a ba& for the identification of such 
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V OCATIONAL EDiroATiox has traditionally made use of certain tech- 
niques to insure the effectiveness of training programs. Two of 
these techniques are the occupational survey to determine training 
needs and the job analysis to determine curriculum content. 

Surveys designed to determine the needs of technicians per se are 
not always adequate as a means of identifying the educational services 
required. A local survey may give a false concept of the national 
need. An even more serious weakness may be the lack of specific 
criteria that identify the techinician in terms of the range and depth 
of technical knowledge needed for his work. 

The job analysis, when used to identify technical training needs, 
also has limitations. The work of the technician does not always 
follow a definite cycle, but instead may vary from day to day and 
from one project to another. Hence, the work does not always lend 
itself to job analysis techniques that attempt to identify a fixed list 
of job functions which, in turn, can be translated into a list of in- 
structional topics. For example, a job analysis might lead to the 
conclusion that proficiency in mathematics would not be required in 
the training program because the duties of the occupation did not 
include mathematical calculations. Such a conclusion overlooks the 
need for mathematics as a learning and communication tool and can 
adversely influence curriculum and course design. 

The effect of surveys and analyses that have limitations of this na- 
ture can be to undervalue the level of scientific and technical abilify 
required for the occupations, and consequently can lead to a misdi- I 
rection of training program objectives. 

In developing the criteria suggested in tliis document, two basic 
assumptions were made ; one, that the technical occupations, whether 
or not they are closely related to engineering functions, require broad 
technical competence based on a knowledge of engineering and sci- 
entific principles ; second, that a significant part of this knowledge can 
best be provided by formal systematic training in organized programs 
of instruction. Proceeding from these premises, two references were \ , 
developed ; one to identify the occupations that require technical train- | 
ing and the other to be used in designing training programs. i 
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rt developmeot of a tentative Ust of certain fiietiona 
To^test the application of technical knowledge, 

a n,mt,w ^ and usefulness these criteria were appUed to 
a nmnber of occupations throughout the countij. Certain inherent 

w^^appearedregnhirly where thecriteria^ere^^^ 

jxmabhty conld not be expressed in terms of specific dav-to 

^?«S*kvoV'’ ^ “Suificaut part of the technician’s respond 

h.^»i f judgment and decision-making ability and rea4’es 

broad techmcd concepts closely paralleling thol of 

^slnfst^® r "^® ®®”®™' aieas. 

dete^iZ «v lTf“ ? '*«’'e'<>P“ent of occupational criteria was to 

are wXnfifrt— *^‘“®’ ‘*‘® technicians that 

‘i “ *5®^ F®** fuuotions-those attributes that provide a 
b^s for ma^ decmons. Sources of this information weJ^ folfow- 
technicisl institute graduates, advisory committee reo- 

Dreii^L””’ services, and manpower study reports 

hy various government agencies such as the Bureau of Ul^ 
Statistics, the Bureau of Employment Securitv of tho TT ^ 

m»tofBab^,andtheNationds'lireF3i«m 

From the information obtained through continued study and analv 

^^ments for techmoian occupations. Using these five abilities 
dei^T'^v" background requirement, it is^ssible to acM^e a 

^ ^pmv.T*“““-A ®i“* “ applying the criteria. 

t P™"^® ® 8«“<Je for the development of certain types of pre- 
paratory programs, an analysis was made to determine the natteme 

them objective the trainmg of technicians For this analveis 
schools were setoed on the basis of their established succesTfo t^ 
traming of techmciana Technical institutes, both public and private 

wZ" repit^rTwi^”®®^ ®®“®®®® ®"'^ “iWTsities’ 

1.^ m rnwhanical, electrical, aiS etorofoc tel2%”Zr^!Si’ 

fuU-time preparatoiy programs analyzed in this study 

rs m*s £ 
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Hi. uCCUpauGnsI RSQUirGIliSiitS 



T he occupational criteria that are set foith herein were developed 
to serve as a guide in instractional program development. To be 
useful for this purpose they must be interpreted carefully and in an 
educational context. They are not designed to be used for job classi- 
fication purposes, and no reference is made to job titles. In the course 
of developing these criteria it became evident that, if they are to be 
consistent, a somewhat arbitrarily chosen set of technical abilities 
common to technician occupations must bo understood and accepted. 
Unless this is done there is no reference base for the criteria— no real 
basis for determining the common requirements of teclimcal occupa- 
tions which can be translated into effective educational programs. 

Accordingly, a set of general requirements for these occupations 
has been developed. They are essentially universal, in that they rep- 
resent abilities rather than specific functions and, as will be shown 
in the following section of this document, form the basis for educa- 
tional programs in technology. 

General abilities 

1. Facility with mathematics; ability to use algebra and trigonometry as 
tools in the development of ideas that make use of scientific and engi- 
neering principles; an understanding of, though not necessarily facility 
with, higher mathematics through analytical geometry, calculus, and 
d!£erential equations, according to the requirements of the technology. 

2. Proficiency in the application of physical science principles, including 
the basic concepts and laws of physics and chemistry that are pertinent 
to the individual’s field of technology. 

3. An understanding of the materials and processes commonly used in the 
technology. 

4. An extensive knowledge of a field of specializatfoa with an understending 
of the engineering and scientific activities that distinguish the tech- 
nology of the field. The degree of competency and. the depth of under- 
standing should be sufficient to enable the individual to do such work 
as detail design using established design procedures. 

6. Communication skills that include the ability to interpret, analyze, and 
transmit facts and ideas graphically, orally, and In writing. 

5 
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It 13 recognized that certain personal characteristics are also desir- 
able in these occupations j that much of the technician’s work requires 
an understanding of social and economic factors, a good knowledge 
of industrial organization, and acceptable personal attitudes. In de- 
veloiping criteria for identification purposes, however, it was consid- 
ered advisable to use the more impersonal characteristics of the 
technician’s work in order to obtain maximum objectivity. 

With the five underlying general abilities as universal requirements, 
12 criteria for technician occupations were developed. Some of these 
criteria are broadly inclusive, while others describe specific functions. 

applying each criterion the five general abilities must be con- 
sidered basic and corporate. No single criterion can he considered 
as definitive unless the level of competence heing exercized is within 
the jraineworh established hy these five ability reguiremenfs. 

The 12 criteria are not to be given equal weight in identifying 
occupations,^ and no single occupation would require all of them, 
^presentative local advisory poups can be helpful in further defin- 
ing and weighing these criteria in specific occupations. 



Criteria for Identi^Ing 
occupations that require technical education 

The individual in the occupation : 

1. Applks krwwledge of science and mathematics extensively in 
rendering direct technical assistance to scientists or engineers 
engaged in scientific research and experimentation. 

Scientific research and experimentation require technical services 
in such fields as chemistry, physics, metallurgy, electronics, and nu- 
cleonics. The technician in these activities usually works closely 
with an engineer or scientist and is required to use his knowledge 
of scientific principles and mathematics almost constantly in his 
work. 

2. Deigns, develops., or plane modificatione of new products and 
processes under the supervision of engineering personnel in 
applied engineering research^ dedgn., and development. 

Research and design activities utilize technical personnel at several 
levels. The technician occupations in this setting are comparatively 
well identified. They involve significant responsibilities for the de- 
sign, planning, and development of new products and processes, and 
for laboratory testing and reporting functions. 
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OCCUPATIONAL BEQUIREMENTS ^ 

3. Plans and ins 2 ^xits the installation of complex- equipment and 
control systems. 

PlanpjBg end estimating technical equipment instaUations are func- 
tions that require broad-range abiUties involving practical design and 
modification. Missile systems, industrial process control instrumen- 
tation, and automatic line production ^sterns are representative of 
these activities. 

4. Advises regarding the mainteruince and repair of complex 
equipment with extensive control systems. 

The maintenance of intricate and complex equipment requires a 
knowledp of systems or combinations of q^stems-m-hanical, elec- 
trical, electronic, hydraulic, pneumatic— in industi.il production 
equipment, electronic computers, telemetering equipment, and aircraft 
^und control equipment. Technicians with advisory responsibili- 
ties should have a wide range of practical experience in addition to 
technical trainmg. 

6. Plans ^ production as a memher of the rnanagement unit re- 
spomihle for efjioient use of manpower^ materials^ and ma- 
chines in mass produetion. 

Mu^rial production technicians prepare layouts of machineiy 
and eqmpment, plan the flow of work, investigate and analyze prcduc- 
tion costs to eliminate unnecessary expense, study production meth- 
ods, and determine time requirements for production operations. 

6. Advises, plans, and estimates costs as a feU representative of 
a manufacturer or distributor of technical equipment and/or 
products. 

Technical sales and field representatives must have a high level of 
^hnical ability. Them functions may include making demonstra- 
tions^ advising on tcclinical dstails^ and training porsonnGl* 

7. Is responsible for performanee or environmental tests of me- 
chanical, hydraulic, pneumatie, electrical, or electronic com- 
ponents or systems and the preparation of appropriate 
technical reports covering the tests. 

Two dOTente are preset in fliis criterion: testing and reportii:j. 
The teclmician s function in these two activities should include major 
responsibility for determining testing procedures, selecting the in- 
^rumentation to be used, designing special test equipment, and con- 
ducting the test itself. The reporting function is of equal if not 
greater importance, involving as it does the accurate interpretation of 
test results and the oral and written communication of these results. 
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8. Prepares or interprets engineering dramngs and shetcTies. 
The significant element of this criterion is the use of a broad knowl- 

^ of the materials, processes, and principles involved in engineering 
design rather than the sk il ls and techniques of drafting. 

9. Selects^ compiles^ and uses technical information from ref- 
erertc^ swh as engineering standards^ handbooks, and technir 
cal digests of research findings. 

These ^ference materials are primary sources of information for 
all t^hmcal ^rsonnel. The selection and use of such material is 
especially significant when it is a part of a wide range of responsibUity 

that involves investigation, planning, and independent decision 
making. 

10. Analyzes and interprets information obtained from precision 
measuring and recording instruments and makes eveduations 
upon which technical decisions are baaed. 

^ The ability to interpret information obtained by precision measur- 
ing mst^ents involves an understanding of the instruments, the 
^ste^ in which they operate, and the practical accuracy limits that 
should be expected under normal operating conditions. 

11. Analyzes and diagnoses technical problems that inuol/oe in- 
dependent decisions. 

Two elements are present in this criterion: tecbjoical knowledge 
and judgment. The knowledge required is often described as an 
mde^andmg of engineering principles, including elements of phys- 
ics, (Acimstry, mechanics, dynamics, electricity, and their industrial 
applications. Judgment requires, in addition to technical know-how, 
substantive experience in the occupational field. 

12. Deals with a variety of technical problems invoJ/ving many 
factors and vancdles which require an understanding of 
severed technical fields. 

Ve^tdity is a characteristic that relates to breadth of under- 
standing, the antithesis of narrow specialization. In applying this 
mtenon tne importance of technical training in providing a broad 
background should be appraised. It is tliis educational background 
that provides versatility in those occupations where ei^rience alone 
cannot include the w ide-range knowledge required. 

Applying the criteria 

In appl;^g the 12 criteria to a specific occupation, certain condi- 
tions should be observed. One of these conditions has been outlmed 
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^eviously but, because it is all-important, it bears repeating. It is 
the absolute necessity for a reference base as represented by the five 
general abilities outlined at the beginning of the section. Eaoh of the 
items must he interpreted within the context of this reference. 
Without such a base the criteria have little value in identifying 
occupations for which approved preparatory technical education pro- 
grams may be established. 

It should ^o be r^mphasized that job titles will have little or no 
sign^cance in selectmg occupations to which these criteria are to be 
applied. The criteria are designed to identify occupational require- 
ments which can be translated into educational program content. The 
Imitations, therefor^ are <fictated by practical educational consMera- 
tions; not by occupational titles or classifications. 

Another significant aspect of the criteria is their positive approach. 
No attempt has been made to either exclude or include functions or 
activities that might be considered the special prerogatives of recog- 
nized professional or craft groups. The technician must be familinr 
with the work of engineers and craftsmen, since he may work with 
ei^eers at some stages and vrfth craftsmen at others. The criteria 
will allow this flexibility without requiring or excluding specific occu- 
pational functions. 

In the final analysis the occupational criteria and the educational 
program are interdependent. Neither can be correctly interpreted 
without a clear understmding of the other. The following sections 
suggest educational requirements related to these criteria and suggest 
some of the ways in which they can be used in the planning and pro- 
motion of technical education programs. 



IVa EdiicstioRs! RcQusrsinBRts 



T he educational bequibements of technical personnel have new 
dimensions in today’s technology. Heretofore, it has been neces- 
sary, primarily because of the specialized nature of many industrial 
occupations, to plan and organize training programs to meet specific 
j ob requirements. Perhaps the most significant aspect of today’s tech- 
nology, as it relates to education, is the constantly increasing need for 
personnel with broad-range abilities who can shift with technological 
change and assume new responsibilities. This is in sharp contrast to 
the needs created by the industrial revolution with its emphasis on the 
division of labor. That era produced a generation of specialists: 
men and women who could and did succeed 1^ developing a hi gh 
d^ree of proficiency in an occupation or in one segment of a trade. 
J obs and job dessifications were fairly constant. The range of activi- 
ties could be covered by specialized training and on-the-job experience. 

The age of automation has created new occupations with new re- 
quirements and has increased the technical requirements of many 
existing occupations, lilany of the new occupations have certain com- 
mon requirements and can be grouped in broad fields of technology; 
some of the more clearly defined ones are: aeronautical, chemical, civil, 
electrical, electronics, and mechanical. There are, of course, many 
subdivisions. Mechanical technology, for example, may include 
aspects of drafting and design, machine and tool design, manufactur- 
ing processes, metallurgy, internal combustion engines, or steam 
power. 

In the preceding section of this document the occupational require- 
ments of a technician were given a reference base. Five universal 
abilities were identified as basic elements of technician occupations. 
These might well be called the “five imperatives of technical educa- 
tion.” A program that is to provide the range of understanding indi- 
cated by the “five imperatives” must be highly efficient. It must, 
first of all, prepare the individual for an entry job in which he can 
be productive with minimum orientation. To progress rapidly to 
positions of greater responsibility he must also understand, in general, 
the range of jobs within his field of technology. The educational 
program must be specialized without overspecialization; theoretical 
10 
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EDUCATIONAL BEQUIBEMENTS H 

but not impractical; and scientific without sacrificing the learning 
values that come from the realistic application of scientific principles. 

Maintaining a balance of these conditions with full consideration 
of students* capabilities, staff qualifications, and physical facility limi- 
tations, presents a real problem in the design of technical education 
curriculums. What are the elements of an instructional program 
that can meet these requirements ? 

The completion of a good 2-year post high school curriculum is an 
educational achievement level for technicians that has gained national 
recognition. Two Office of Education publications. Electrical Tech- 
nology (OE-80006) and Electronic Technology (OE-80009)"- are 
representative of such programs. 

Over the years individual institutions throughout the United States 
and Canada have become well-known for consistent high-standard 
educational services in technical programs of this type. The gradu- 
ate of a recognized 2-year technical program has an identifiable back- 
ground. It is this educational background, apart .from the institution 
in which it is offered, that has real significance for technical education. 
Secondary school programs and some of the newly developed combi- 
nation secondary, post secondary programs can be best evaluated by 
using the content of the 2-year post high school curriculum as a ref- 
erence base. Curriculum content should, be essentially similar, no 
matter where the program is given. 

In order to determine the organizational patterns of 2-year post 
high school technical programs, a study was made of established 
curriculums in institutions that have a history of successful operation. 
The selection of institutions and curriculums was not contingent on 
their being approved by any agency, and such selection does not indi- 
cate approval by the TJ.S. Office of Education. The information for 
the study was obtained from the published catalogs of the 25 
institutions. 

These cumculums required an average of 71 semester credit hours 
for completion, with 35 credit hours (49 percent of the credit) devoted 
to courses in the field of specialization. Mathematics requirements 
averaged 9 credit hours, science 9 hours, auxiliary and supporting 
technical courses 7 hours, and general education 11 hours. Table 1 
indicates the range of requirements in these subject-matter areas. 
Since the number of curriculums represented in this study is limited, 
the range of credit requirements in each curriculum division may re- 
flect this limitation. An analysis of this nature is always subject to 
errors in grouping because of disparity in course titles. The errors 
in this study, howe ve.L', should not be significant 
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Table 1. — Analysis of 32 selected technology curriculums (electricali electronici and 
mechanical) In 25 post high school Institutions 



Curriculum division 



Total- 



Technicai specialty courses — Basic and 
advanced courses in the technology 

(e.g., machine design) 

Mathematics courses — ^Algebra, trigo* 

nometry, analytic geometry, c^culus 

Science courses — Physics, chemistry, 

mechanics, hydraulics, thermodynam- 
ics, etc. 



Auxiliary and supporting technical 
courses — Mechanics drawing (general), 

shop, technical report writing 

General education courses — Communica- 
tions, hiunanities, social studies, health.. 



Credit hour requirement 



Range 


Mean 


Mini- 

mum 


Maxi- 

mum 


Hours 


Percent 
of total 


62 


80 


71 


100 


19 


47 


35 


49 


5 


20 


9 


13 


3 


22 


9 


13 


4 


21 


7 


10 


2 


24 


11 


15 



This analysis was primarily quantitative and serves only to indicate 
the relative subject-matter emphasis in terms of credit requirements. 
The semester credit-hour unit was chosen as a commonly understood 
measure of instructional content. In the majority of the curricu- 
lums, 3 hours of laboratory study per week were required for 1 hour 



of credit. 



Hgura b— Curriculum Requirements In Post High School Institutions, by Credit Hour 

and Contact Hour 



71 SEMESTER CREDIT HCXJRS 



1,810 CONTAa HOURS 
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Table 2. — A umple curriculum In electronic technology showing the classi laborator/i 

and study time required 



Course, by semester 


Hours per week 


Semester 


Class 


Labo- 

ratory 


Study 


Total 


hours* 


Fisst Ykab 

Firti $eme$ter 


14 


12 


28 


54 


18 


Technical mathematics I 


4 


0 


8 


12 


4 


Direct current circuits and machines. 


3 


8 


6 


16 


5 


Social science 


3 


0 


6 


9 


3 


Technical drawing 

Gonununication skills 


1 


6 


2 


9 


3 


3 


0 


6 


9 


3 


Second eemetter 


12 


18~ 






18 


Technical mathematics II 


4 


0 


8 


12 


4 


Time varying circuits 


3 


6 


6 


15 


5 


Basic electronics 


3 


6 


6 


15 


5 


Shop processes 

Technical report writing 

Graphic analysis 


0 

1 

1 


3 

0 

3 


1 

2 

2 


4 

3 

6 


1 

1 

2 


SCCOND YbaB 












Third iemetter 


10 


18 


20 


48 


16 


Engineering science 


3 


3 


6 


12 


4 


Circuit tracing 


1 


3 


2 


6 


2 


Special electronic circuit design and 
analysis 


3 


6 


6 


15 


5 


Transmitter theory and operation 


3 


6 


6 


15 


5 


Fourth temester 


9 


24 


21 


54 


17 


Research report (special problem) 


0 


6 


3 


9 


2 


Ultra-high frequencies and micro- 
waves 


3 


6 


6 


15 


5 


Television circuits 


3 


6 


6 


15 


5 


Industrial electronics 


3 


6 


6 


15 


5 



> 1 MniMter-iir weeki. 



The student contact hour provides another base for comparing the 
relative emphasis on subject matter in the curriculum. The contact 
hour represents one period of 60 minutes in either class or laboratory 
work. The mean requirement for the 32 curriculums analyzed in the 
study was 1,810 contact hours. 

A comparison of credit-hour and contact-hour requirements is 
shown in figure 1. Technical courses make up 69 percent of the total 
credit-hour requirement in these cwrriculums but require 69 percent 
of the student’s total time in attendance. This is due to the ezten- 
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sive laboratory work necessary in technical study. Mathematics and. 
general education courses normally do not require laboratory work, 
and science laboratory requirements are not as time-consuming as 
those of technical courses. 

The subject-matter grouping in this analysis was chosen to simplify, 
as much as possible, the problem of identifying individual courses 
by the information found in catalogs. Five groups were used : tech- 
nical specialty courses, mathematics courses, science courses, auxiliary 
and supporting technical courses, and general education courses. 

While this grouping may appear to be oversimplified, it has certahi 
advantages over a more detailed breakdown. It becomes extremely 
difficult to classify some courses from catalog descriptions if a more 
sophisticated classification system is used. Even with the five groups 
used here, problems may arise in making distinctions, for example, 
between teclmical speciality courses and supporting technical courses. 
Problems arise also in classifying so-called “applied” courses in mathe- 
matics and science. This method of subject-matter classification as 
it applies to a particular curriculum is shown in table 3. 

A consistent curriculmn pattern appears in the proportion of time 
devoted to class, laboratory, and outside study. It is conunon practice 
to require approximately two hours of outside study for each hour of 
scheduled class attendance. Normally, some outside work is also 
required for laboratory data preparation, report writing, calculation, 
etc. Where class and laboratory work are closely correlated, how- 
ever, the requirements for class preparation can be reduced propor- 
tionately to provide time for the laboratory requirements. A rule 
of thumb can then be used : 2 hours of study time for each sdieduled 
class period. The electronic technology curriculum shown in table 
2 illustrates a good balance in time requirements. The first semester 
of this curriculum requires 26 hours per week of class and laboratory 
attendance, and a fypical student work schedule for the semester might 
break down as follows : class time 14 hours, laboratory time 12 hours, 
and outside study time 28 hours. This represents a total workload 
of 54 hours per week, not excessive in curriculums of this type. 
Much of the responsibility for this work schedule is placed on the 
student. To facilitate time budgeting, most curriculums do not 
schedule, in any one term, more than 5 subjects requiring extensive 
outside preparation. 

Another characteristic of technical curriculums is the correlation 
of mathematics and physical sciences with technical study. This is 
usually accomplished by a concurrent scheduling of these courses in 
the first two terms and by planning the technical course work to 
parallel the student’s progress in mathematics and science. The latter 
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involves much detailed planning and careful scheduling. Instruc- 
tional material for the specialized courses must be tailored to intro- 
duce, in prof^r sequence, technical concepts that may be substantiated 
by mathematical and scientific proof. 

Table 3.— A sample curriculum in eiectricai technology showing the classification of 

courses, by curriculum division 



Course, by semester 



First Ysar 



First semester. 



Technical mathematics I (algebra and trigo- 
nometry) 

Direct current circuits and machines. 

Social science 

Technical drawing ! 

Communications skills 



Second semesier. 



Technical mathematics II (applied analyt- 
ical geometry and calculus) 

Time varying circuits 

Basic electronics 

Shop processes 

Technical report writing I”. 

Graphic analysis ”1! 



Second Year 



Third semester. 



Engin^ring science. 

Eiectricai instruments and measurements 

Alternating current machines ~ 

Electrical installation planning 

Chemistry and applications in electricity 



Fourth semester. 



Industrial electronics 

Electrical control circuits 

Electrical power systems-in-plant 

utility systems option) 

Operating problem analysis 



(with 



> Corrlcalum divlsloiu. 

A— Auxiliary or supporting technical courses 

Q— General courses 

M— Metbemstlcs courses 

So— Science esurses 

8p— Technical apedallseA oouTses 



Curric- 
ulum 
division i 



M 

Sp 

A 

G 



M 

|P 

A 

A 



So 

fP 

|P 

Sp 

So 



Sp 

Sp 

Sp 



Time and credit 
distribution 



Class 

hours 



14 



4 

3 

3 

1 

3 

12 



12 



3 

2 

3 

2 

2 

n 



3 

3 

3 

2 



Labo- 

ratory 

hours 



12 



0 

6 

0 

6 

0 

18 



Credit 



18 



4 

5 
3 
3 
3 



18 



15 



3 

3 

6 

0 

3 

15 



3 

3 

3 

6 



4 

5 
5 
1 
1 
2 



17 



4 
3 

5 
2 
3 

Ti 



4 

4 

4 

4 
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One of the advantages of this approach is that specialized course 
work may be introduced in the first term. This makes possible a 
greater ultimate depth of penetration in the technical specialty. In- 
troducing basic elements of the technical specialty during the first 
stages of the program provides more time in the foal stages for the 
more complex technical subjects that mclude systems analysis, design, 
and individual problem assignments. 

Another distinct advantage of this ^stem is the increased student 
interest and motivation that is generated. The student is immedi- 
ately introduced to the more interesting technical subjects. He can 
also develop an early appreciation of the values of mathematical 
analysis in technical study — a respect for the inherent “honesty” of 
mathematics. 

Some confusion eidists as to the basic differences between .ji 2-year 
technical program and ths first two years of an engineering program. 
It is helpful in making this distinction to compare the relative em- 
phasis on subject matter in these two programs as shown by table 4. 

The two curriculums shown in the table were taken from the same 
catalog and are offei^ by an institution that has conducted both en- 
gineering and technical education services for many years. While 
this comparison represents only one curriculum in each of the two 
fields of study, it does serve to indicate the basic difference between 
these two specific types of curriculums. In the technical curriculum 
47 per^nt of the course work is devoted to the field of specialization 
while in the first two years of the engineering curriculum only 6 
percent is “specialized.” The engineering curriculum is arranged to 
provide extensive study in mathematics and science (68 percent) while 
the technical curriculum devotes 27 percent of the 2-year period to 
these disciplines. However, in the technical curriculum, a substantial 
part of the technical course work is devoted to mathematical analysis 
and to applications of the physical sciences. 



Table 4.— Comparison of semester hours for a 2-year (68 semester hour) technical 
education program and the first 2 years of an engineering degree curriculum * 



Course 


2-year 

mechanical 

technology 

program 


First 2 
years of 
mechanical 
engineering 


Total 


68 






Oo 


Specialized technical courses 


32 

18 

8 

10 


A 


Mathematics and science 




Auxiliary and supporting technical courses 


O 


General education courses 


16 
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Being complete in itself, the technical program is distinctly func- 
tional. The 32 semester hours of specialized course work clearly 
identify the objective of the curriculum as being employment-ori- 
ented rather than general or pre-engineering in nature. This objec- 
tive has not been compromised to meet transfer credit requirements. 

Technical education programs have been operated successfully in 
three types of secondary schools: technical high schools, vocational 
high schools, and comprehensive high schools. 

Although there are important differences between the high school 
and the post high school programs, the occupational criteria and the 
educational standards outlined in this document can be helpful in 
planning and evaluating high school technical education programs. 
Such factors as depth of understanding in a technology and ability 
in mathematical and scientific analysis are common to all good tech- 
nical programs. They are determined by Job requirements, not by 
grade levels or school organization patterns. 

The appendix illustrates the division of subject matter in a 3-year 
technical curriculum offered at the secondary school level. 



/ 
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T he critoria outlined in this bulletin -were developed to identify 
occupations that require intensive technical training. The five 
general abilities that were used to establish the level of these occupa- 
tions constitute an education standard. By this standard, the tech- 1 

iiician should have an educational background equivalent to that 
obtained in a program of at least 1,800 hours of instruction, with a 
pattern of course work comparable to that found in the 32 full-time 
post high school programs shown in table 1. 

The qualitative standards outlined in this bulletm should be valu- I 

able to the vocational education administrator in informing and ' 

m^ructing various individuals and groups concerned with the estab- 
lishment of technical education programs. State and local super- 
visors need to understand the criteria and curriculum patterns and 
where and how tliis information can be used. It can be especially 
useful in working with : 

1. Advisory coriinittees 

2. Industriai and educational consultants 

3. Officials of Federal, State, and local governments 

4. Labor-industry groups 

5. Curriculum committees 

6. School guidance personnel 

7. Professional associations ' 

8. Parents and students 

9. Employers 

10. Accrediting associations. i 

Apart from his industrial experiences, necessary as these are to the I 

development of productive ability, the technician has certain specific 
educational requireinente. Throughout this document the emphasis , 

has been on identifying those requirements that can best be provided 
y progTftniBd instruction* Ho mRy rcRcli this required level of undBr* 
standing in a number of ways, of which the formal 2-year post high 
school program is only one. There will, of course, be grades and levels j 
of training programs as well as grades and levels of individual ability. 

There will be secondary school programs, part-time evening courses, 
and extension courses all within the several fields of technology. Also, 
individuals may advance to teclmical positions through experience 
and self-improvement. * 
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Although tho requisite proficiency for technical occupations can be 
obtained in a number of ways, the 2-year technology curriculum serves 
as a reference base for identifying technicians who work in these oc- 
cupations. Such a reference is badly needed to promote understanding 
and support for technical education. It is extremely awkward and 
patently mmecessary to describe a job in order to identify an individ- 
ual’s occupational field. The technician, whatever his immediate 
functions and responsibilities may be, should be thought of as an 
individual with a distinctive educational background. 

The information contained in this bulletin can be helpful in promot- 
ing a better understanding of technician occupations and technical 
education. It can be used in the f oUowmg activities. 

Program planning and development 

A primary use for occupational and educational criteria is to estab- 
lisb sound objectives for training programs. National nee<fe are more 
ai gnifif»g.nf than local nceds in determinmg these objectives. The 
critical national need is for persons with well-defined abilities in 
established fields of technology. The training requirements for these 
persons must also be well defined. 

The criteria outlined in this document are based on analyses that 
ai-e national in scope. They emphasize ability and knowledge common 
to many jobs within a technology and are oriented toward national 
rather than locfd needs. There is no reason to believe, however, that 
national and local needs are in any way incompatible where the train- 
ing of technicians is concerned, particularly in view of the broad 
technology-based objectives of this training. The requirements for 
success as an electronic technician, for example, would appear to be 
substantially the same in all fields of electronic technology and would 
not vary greatly from one locality to another. 

Selecting occupations to be studied In making surveys 

Industrial surveys to determine technical training needs must, of 
necessity, identify the occupations for which this training is to be 
offered. The accuracy and reliability of the terms and conditions 
used to delineate the occupational areas to be studied will determine 
flifl accuracy and validity of the survey results. Failure to define 
the occupations accurately can destroy the usefulness of the survey 
in planning educational services. The five universal ability requir^ 
ments described in this document will provide a more uniform basis 
for occupational studies. In a sense, they represent specifications 
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that must be met before the 12 specific occupational criteria can be 
used effectively in identifying occupations for wbicb technical train- 
ing is required. 

The criteria, when used to prescribe limits for the occupations to 
be studied, should be thoroughly understood by those responsible for 
the survey. This will necessitate a planned training program for 
survey personnel which should include a trial run, applying the cri- 
teria to selected occupations. Industrial representatives who partici- 
pate in the survey should also be well oriented in the use of the 
criteria. 

Identifying occupational areas as 
distingulslied from technic'an '*iobs” 

The development of technical education has been hampered by a 
lack of uniform occupational terminology. In some industrial organ- 
izations technical jobs have engineering classifications; In some there 
are well defined technician classifications; still others use the title 
indiscriminately. Because of this disparity it has been extremely dif- 
ficult to identify the occupational needs of persons who can best be 
given preparatory training in a technical education program. 

The occupational criteria presented in this document can be used 
to identify occupations on the basis of functions that require broad- 
range abilities. These criteria can reduce the possibility of gearing 
preparatory programs to needs that are not representative of techni- 
cian occupations. 

Identifying broad nab'onai as we!! as specific ioc^i needs 

Meeting the needs of local industries has traditionally been a corner- 
stone of vocational education. Technical education offers possibilities 
for broad basic training that will meet both national and local needs. 

Where the training requirements for locally prevalent occupations 
meet the criteria, there are many ways in which a close cooperative 
relationship between the technical school and the industry can be 
of mutual advantage. By the same reasoning, however, if specific 
local training needs are for occupations that do not meet the criteria, 
preparatory training for these needs should be referred to other voca- 
tional education services. 

Purely local training needs should not pre-empt the development of 
technical programs with wide-range national objectives. To illu- 
strate, it would not be effective technical education to give excessive 
emphasis to machine shop practice in a mechanical technology curricu- 
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Imn Bt the expense of instruction in metallurgy, heat treating or 
machine design; particularly if this was being done to satisfy a 
purely local need of manufacturing industries. 

lis primary CGncem in any educational program is for the student. 
It is vital, especiaUy in preparatory programs, that his preparation 
Miould be broad in order not to impose unnecessary limits on his 
abilify to advance in the technological field of his choice. 



Detsrmfnfns the appropriate emphasis on 
specialized stoidy in curriculum design 

The criteria can be used to direct curricular emphasis toward prep- 
aration for Job responsibilities that require Judgment and decision- 
making and away from routine Job functions. An understanding of 
the balance between these two factors is needed to determine the 
optimim amount of specialization in technical curriculums. Over- 
sp^ialization can result where the first factor is overlooked or 
misunderstood. 

^ Undue specialization appears where one element of the technology 
IS given excessive time in the curriculum. Welding processes, for 
example, are an important part of some programs in mechanical 
technology. It would be overspecialization, however, to devote so 
inuch time to the development of skills in welding that valuable cur- 
riculum elements such as metallurgy, heat treatment, or fixture design 
are sacrificed. 

The criteria, properly applied, wall help to identify and indicate 
the relative importance of the elements that should be included in 
a technical education program. 



Public relaiioiis 

As technical education becomes established in the public view as a 
distinct form of education, the image created will be the result of the 

cumulative effort made in this area. The criteria can be used to good 
advantage to illustrate the level of instruction required. They iden- 
tify ^ucational program objectives in terms of occupational needs. 

School counselors should find the criteria helpful in interpreting 
tec^ician Job descriptions in terms of the preparation required for 
students inter^ted in these occupations. School officials, using the 
criteria, can give concrete answers to parents who are concerned with 
the types of education needed for today’s and tomorrow’s technology. 
State and local administrators who represent technical education 
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Mrvices should find the criteria valuable as a basic reference in meet- 
ings, conferences, and various phases of program development. 

^e occupational and educational criteria suggested in this publi- 
cation represent only one step in developing standards of quality for 
technical education. Many equally significant factors should be 
analyzed: organization of courses and instructional processes to co- 
ordinate classroom and laboratory work; instructional staff compe- 
tencies ; optimum proportions of theory and application in technical 
study; teaching of mathematics by application as contrasted with the 
traditional unit-course approach; and similar elements of the total 
curriculum. 

Finally, a ^stem of program evaluation should be developed. 
Technical^ education programs cannot operate as isolated islands of 
learning, independent of each other, and at the same time substantially 
influence the total national movement in this field of education. An 
objective evaluation by experienced persons is a form of cross-fertili- 
zation that provides an excellent means to program improvement. 
A nationwide program of evaluation, planned and conducted by ex- 
perienced teclmical education personnel, would do a great deal to 
promote the understanding and support that will be needed in the 
years ahead. 
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Appendix 

A 3-Year High School 
Technology Cinricuhini 
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*»ms doe. provide a hSTr’cS^^IS 

technical study In the hteh school r.n^3« u requirement for 
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Sample 3*Year High School Mechanical Technology Curriculum 

Cmtaet 
PeriodM hours psr 

OottTU,i bf grads ptruetk lauk 

Tenth grade 

English 5 3. 75 

Mathematics 5 3^ 75 

Mechanicai drawing jo 7^ 50 

Machine shop theory and practice 10 7. 50 

Elective 5 3] 75 

Health 5 3^ 75 

Eleventh grade 

English 5 3, 75 

World history 5 3 75 

Mathematics 5 3^ 75 

Chemistry 5 3, 75 

Mechanical drawing jo 7 . SO 

Machine shop theory and practice 5 3. 75 

Strength of materials 5 3. 75 

Twelfth grade 

English 5 3, 75 

American history ... 5 3. 75 

Mathematics 5 3, 75 

Technical physics in 7 an 

MetoUargy... I.....; 5 Hs 

Machine design 5 3, 75 

Elective 5 3.' 75 

< 45>minute periods^ 3d-we9lc semesters: 

ConiaettouTi 

Technical courses t yum 

Mathematics — * * •* 

Science .. 2 ‘ 

General education 11111111111111™™!™™!! l,So 

total .7^ 
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